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LOCATOR STUD, PANEL ASSEMBLY 
AND METHOD OF ASSEMBLY 

RELATED APPLICATIONS 

5 

[00001] This application is a continuation-in-part application of U.S. 

Serial No. 10/630,060 filed July 30, 2003. 

FIELD OF THE INVENTION 
10 [00002] This invention relates to a locator stud or pin for attachment to 

a panel which may be utilized to accurately attach other elements to the panel, the 
method of attaching a locator stud to a panel and a locator stud and panel assembly. 

BACKGROUND OF THE INVENTION 
15 [00003] Locator studs or pins are now used in mass production 

applications to accurately locate one component relative to a second component. 
Generally, the assembly includes a plurality of locator studs attached to a panel, such 
as a frame member, to accurately locate a component relative to the frame member. 
As an example only, locator studs or pins are utilized for alignment of the control 
20 arms to the struts of a vehicle used to mount the ball joints which support the vehicle 
wheels. There are numerous other examples of the use of locator studs or pins in 
mass production applications. 

[00004] As will be understood by those skilled in this art, the locator 

studs must be accurately positioned on the panel. Locator studs or pins include a 
25 shank or pin portion which projects from the panel and are used to locate a second 
component relative to the panel. The locator studs or pins, therefore, must not only be 
accurately located on the panel, but the shank portion must project perpendicular to 
the panel. It would also be desirable to attach the locator pins or studs to the panel in 
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a mass production application without requiring welding, threading or other 
secondary operations. Finally, the locator stud must be firmly attached to the panel to 
prevent cocking or movement of the locator stud during final assembly. 

[00005] The locator stud, method of assembling a locator stud to a panel 

and locator stud and panel assembly of this invention achieve the objects and 
advantages set forth above and the locator stud of this invention may be easily 
installed in a panel, for example, in a conventional die press or c-frame press. Other 
advantages and meritorious features of the locator stud and method of attaching the 
locator stud to a panel of this invention will be more fully understood from the 
following description of the preferred embodiments, the appended claims and the 
drawings, a brief description of which follows. 

SUMMARY OF THE INVENTION 
[00006] The locator stud of this invention includes a shank portion 

which is preferably, but not necessarily cylindrical, and a flange portion having a 
diameter greater than the shank portion which is integral and coaxially aligned with 
the shank portion. Upon installation of the flange portion of the locator stud in a 
panel, as described below, the shank portion projects from the panel, preferably 
perpendicular to the panel, for locating and assembly of a component to the panel as 
described above. The locator stud of this invention includes a generally radial bearing 
surface between the shank portion and the flange portion which, in one preferred 
embodiment, is concave or generally frustoconical. In one preferred embodiment of 
the locator stud of this invention, the end surface of the flange portion is concave or 
generally frustoconical, wherein the central portion is recessed having a major 
diameter adjacent an outer rim portion. In one preferred embodiment of the locator 
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stud of this invention, the outer surface of the flange portion is initially concave, 
wherein the diameter is smaller adjacent the midportion, but in the other embodiments 
of the locator stud of this invention, the outer surface of the flange portion is generally 
cylindrical, but may include a radial rim portion at or adjacent the end of the flange 
portion. A further embodiment includes a radial rim portion adjacent the end of the 
flange portion and the outer surface of the flange portion is frustoconical having a 
minor diameter adjacent the rim portion, such that the outer surface of the flange 
portion is concave or V-shaped. 

[00007] The method of installing or attaching the locator stud of this 

invention to a panel includes forming an opening in the panel having a diameter 
generally greater than the flange portion of the locator stud and inserting the flange 
portion of the locator stud in the panel opening. The end of the flange portion of the 
locator stud is supported on a die member, preferably in a lower die shoe of a die or 
C-frame press, and the locator stud is then installed in the panel opening by a plunger 
preferably attached to the upper die shoe. The plunger includes an axial opening 
configured to receive the shank portion of the locator stud, a first annular die surface 
adjacent the opening coaxially aligned with the generally radial annular surface of the 
locator stud and a second projecting annular die surface located opposite the panel. 
The method of this invention then includes driving the plunger toward the panel, 
receiving the shank portion in the axial opening, driving the first annular die surface 
against the generally radial annular surface of the locator stud, deforming the annular 
surface radially outwardly to engage the panel and finally, the second projecting 
annular die surface is driven against the panel, deforming the panel radially inwardly 
against an outer concave surface of the flange portion, locking the flange portion in 
the panel opening. 
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[00008] As set forth above, the outer surface of the flange portion may 

be initially cylindrical, wherein the outer concave surface of the flange portion is 
formed during the installation process by driving the first annular die surface of the 
plunger against the generally radial bearing surface between the shank portion and the 
5 flange portion. In another preferred embodiment of the method of this invention, 
wherein the outer surface of the flange portion is initially concave, as described 
above, and the generally radial bearing surface may be concave or generally 
frustoconical, the first projecting annular die surface may be flat or perpendicular to 
the axial bore in the plunger, wherein the method of this invention includes driving 
10 this first die surface of the plunger surface against the outer edge of the frustoconical 
surface, deforming the outer edge of the annular surface radially outwardly to engage 
the panel. Where the end surface of the flange portion is concave or frustoconical, the 
end surface of the flange portion is driven against the die member, simultaneously 
deforming the outer edge of the frustoconical surface at the end of the flange portion 
15 radially outwardly forming an outer concave surface on the flange portion which 
receives the panel as it is driven inwardly by the second projecting annular die surface 
of the plunger. The die member may also include one annular or a plurality of 
concentric annular die surfaces which deform the panel and the end face of the flange 
portion into interlocking relationship as the end of the flange portion is driven against 
20 the die member by the plunger, as described above. 

[00009] As will be understood from the above description of the 

preferred embodiments of the locator stud and method of assembly, the locator stud 
and panel assembly of this invention includes a locator stud preferably having a 
generally cylindrical shank portion and a flange portion integral and coaxially aligned 
25 with the shank portion having a concave outer surface which is formed either during 
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assembly or prior to assembly as described above, a panel having an opening 
therethrough receiving the flange portion of the locator stud including a convex 
surface deformed into the concave outer surface of the flange portion, preferably with 
the flange portion generally flush in the panel and the shank portion extending 
5 perpendicular to the panel. Where the shank portion of the locator stud includes a 
radial rim, the assembly includes the radial rim adjacent the end of the flange portion 
and panel deformed against and around the rim providing additional stability without 
requiring deformation of the end of the flange portion. As set forth above, the 
embodiments of the locator stud of this invention having a radial rim portion 

10 extending from adjacent the end of the flange portion may include a cylindrical outer 
surface or a concave outer surface adjacent the rim portion, wherein the concave 
surface is formed by a frustoconical surface having a minor diameter adjacent the rim 
portion, such that the outer surface of the flange portion is V-shaped. The utilization 
of an annular radial rim portion eliminates the requirement for deformation of the 

15 panel by the die member, resulting in a substantially flush installation of the flange 
portion in the panel. Where the die member includes an annular V-shaped die 
surface, the locator stud and panel assembly includes a V-shaped depression, 
preferably coaxially aligned with the depression formed by the second projecting 
annular die surface of the plunger. The die member may also include an inner annular 

20 projecting die surface which deforms the end of the flange portion radially outwardly 
improving the interlock between the panel and the flange portion of the locator stud. 

[00010] Other advantages and meritorious features of the locator stud, 

method of assembly and locator stud and panel assembly of this invention will be 
more fully understood from the following description of the preferred embodiments, 

25 the appended claims and the drawings, a brief description of which follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00011] Figure 1 is a side view of a panel having three locator studs of 

this invention attached to a panel; 
5 [00012] Figure 2 is an exploded view of an installation apparatus 

suitable for installing the locator stud of this invention in a panel; 

[00013] Figure 3 is a side cross-sectional view of a panel having an 

opening formed therein to receive a locator stud of this invention; 

[00014] Figure 4 is a side cross-sectional view of the installation 

10 apparatus shown in Figure 2 during assembly of the embodiment of the locator stud of 
this invention shown in Figures 1 and 2 in a panel; 

[00015] Figure 5 is a side cross-sectional view of the installation 

apparatus and locator stud illustrated in Figure 4 following installation of the locator 
stud in a panel; 

15 [00016] Figure 6 is a side view of the locator stud and panel assembly 

formed by the method and installation apparatus shown in Figures 4 and 5; 

[00017] Figure 7 is a bottom perspective view of an alternative 

embodiment of the locator stud of this invention; 

[00018] Figure 8 is a side cross-sectional view of the locator stud 

20 illustrated in Figure 7 in an alternative embodiment of the installation apparatus prior 
to assembly; 

[00019] Figure 9 is a side cross-sectional view of the locator stud and 

installation apparatus shown in Figure 8 following assembly; 



6 



docket #60,152-1012 

[00020] Figure 10 is a side cross-sectional view of the locator stud and 

panel assembly formed by the method and installation apparatus shown in Figures 8 
and 9; 

[00021] Figure 11 is a side cross-sectional view of an alternative 

5 embodiment of the locator stud of this invention in an alternative embodiment of an 
installation apparatus prior to assembly of the locator stud on a panel; 

[00022] Figure 12 is a side cross-sectional view of the locator stud and 

installation apparatus shown in Figure 1 1 following assembly of the locator stud in a 
panel; 

10 [00023] Figure 13 is a side cross-sectional view of the locator stud and 

panel assembly formed by the method and apparatus illustrated in Figures 11 and 12. 

[00024] Figure 14 is a side perspective view of an alternative 

embodiment of the locator stud of this invention; 

[00025] Figure 15 is a side cross-sectional view of the locator stud 

15 illustrated in Figure 14 in an alternative embodiment of the installation apparatus prior 
to assembly; and 

[00026] Figure 16 is a side cross-sectional view of the locator stud and 

installation apparatus shown in Figure 14 following assembly. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00027] The locator stud, method of assembly and locator stud and 

panel assembly of this invention will now be described in relation to four alternative 
embodiments of the locator stud of this invention. However, it is important to 
understand that the disclosed embodiments are for illustrative purposes only and the 

25 invention is not limited to the disclosed embodiments except as set forth in the 
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appended claims. As set forth above, locator studs are now utilized to accurately 
locate a component on a panel. The locator studs include a shank portion which 
preferably projects perpendicular to the plane of the panel and the panel may include 
any number of locator pins as required by the application. Figure 1 illustrates one 
5 application of this invention, wherein three locator studs 20 are installed in a panel 22. 
Each of the locator studs 20 include a cylindrical shank portion 24 which extends 
perpendicular to the plane of the panel 22 having a frustoconical end portion 26. As 
described in detail hereinbelow, the locator studs 20 each include a flange portion 28 
which is rigidly installed in an opening in the panel 22 by the method of this invention 

10 and the installation apparatus disclosed in Figures 2, 4 and 5 as now described. 

[00028] Figure 2 illustrates one embodiment of an installation apparatus 

for installing the locator stud 20 which includes a plunger 30 having an axial bore 32 
which receives the shank portion 24 of the locator stud 20 and a die member 34. As 
will be understood by those skilled in this art, the plunger 30 may be fixed to the 

15 upper die shoe or platen of a die or C-frame press (not shown) and the die member or 
die button 34 may be fixed relative to the lower die shoe, such that a locator stud or a 
plurality of locator studs 20 are installed with each stroke of the press. 

[00029] The first step in the method of attaching a locator stud or pin in 

a panel 22 of this invention is forming an opening 36 in the panel configured to 

20 receive the flange portion 28 of the locator stud 20. As shown in Figure 3, the 
opening 36 through the panel 22 preferably includes a cylindrical portion 38 opening 
through one face 42 of the panel 22 and a frustoconical opening 40 opening through 
the second or opposed face 44 of the panel. As will be understood by those skilled in 
this art, this configuration of an opening 36 through a panel may be formed by a 

25 punch driven against face 42 of the panel, forming the cylindrical opening 38 and the 
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frustoconical opening 40 is formed by a break-out of the panel. It should be 
understood, however, that the method and locator stud and panel assembly of this 
invention is not limited to the configuration of the panel opening 36, although this 
configuration is preferred with the embodiments of the locator studs disclosed. 
5 [00030] Figures 4 and 5 illustrate in more detail the embodiment of the 

locator stud 20, plunger 30 and die member 34. In this embodiment of the locator 
stud 20, the outer surface 46 of the flange portion 28 is initially concave including a 
cylindrical midportion 48 and frustoconical surfaces 50 which are inclined outwardly 
from the cylindrical midportion 48 as best shown in Figures 4 and 5, forming a 

10 generally arcuate concave surface. The end surface 52 of the flange portion 28 of this 
embodiment is also concave, including a frustoconical outer surface 54 having a 
major diameter adjacent the outer rim 56 as shown in Figure 4. The flange portion 28 
further includes a generally radial annular bearing surface 58 between the outer 
surface 48 of the flange portion 28 and the shank portion 24. In this embodiment, the 

15 annular bearing surface 58 is concave or generally frustoconical having a major 
diameter at the outer rim 60 of the bearing surface 58. As described above, the 
plunger 30 includes an axial bore 32 which receives the shank portion 24 of the 
locator stud 20 during installation of the stud in a panel 22. The annular end surface 
surrounding the axial bore includes a plurality of die surfaces including a first inner 

20 annular die surface 62 adjacent the axial bore 32 coaxially aligned with the annular 
bearing surface 58 of the locator stud 20, between the flange portion 28 and the shank 
portion 24, and a second outer projecting V-shaped annular die surface 64, which 
coaxially surrounds the first inner annular die surface 62, aligned with the first face 42 
of the panel 22. The die member 34 also includes a central die surface 66 which 

25 receives the outer rim 56 of the concave frustoconical surface 54 of the end surface 52 
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of the flange portion 28 and an annular V-shaped projecting die surface 68 which, in 
the preferred embodiment of the installation tooling, is coaxially aligned with the V- 
shaped second annular die surface 64 of the plunger 30 as shown in Figure 4. 

[00031] In a typical installation, the shank portion 24 is received in the 

5 axial bore 32 of the plunger 30 located in the upper die shoe of a press (not shown) 
and the die member or die button 34 is installed in the lower die shoe of the press with 
the panel 22 secured to the lower die platen and the panel opening 38 coaxially 
aligned with the axial bore 32 of the plunger 30. The plunger 30 is then driven toward 
the panel 22, as shown by arrow 70, driving the end surface 52 of the flange portion 

10 28 against the central die surface 66, forming the locator stud and panel assembly 
illustrated in Figures 4 and 5 as now described in further detail. The first inner die 
surface 62 of the plunger 30 which, in this embodiment, extends perpendicular to the 
axial bore 32, is driven against the outer rim 60 of the flange portion 28, deforming 
the rim portion 60 radially outwardly and the rim portion 62 of the end surface 52 is 

15 driven against the central die surface 66, similarly deforming the outer rim portion 56 
radially outwardly. Substantially simultaneously, the second projecting V-shaped 
annular die surface 64 of the plunger is driven against the first face 42 of the panel 22 
and the outer die surface 68 of the die member 34 is driven against the opposed 
surface 44 of the panel 22, deforming the panel adjacent the panel opening 38 radially 

20 inwardly as the rim portions 56 and 60 are deformed radially outwardly, forming a 
secure and rigid mechanical interlock between the flange portion 28 and the panel 22, 
as shown in Figures 5 and 6. 

[00032] As will be understood from the above description of the 

installation process or method of installing the locator stud 20 in a panel 22, the stud 

25 and panel assembly includes opposed coaxially aligned annular V-shaped depressions 

10 
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72 and 74, the concave bearing surface 58 has been flattened and now extends 
generally perpendicular to the shank portion 24 and the surface of the panel opening is 
bulged inwardly as shown at 38A in Figure 6. The panel 22 is thus entrapped in the 
concave outer surface 46 of the flange portion 28 between the rim portions 56 and 60 
5 which are rounded during installation as shown in Figure 6. The end surface 52 of the 
flange portion 28 is also substantially flattened as shown in Figure 6. 

[00033] Figures 7 to 10 illustrate a second alternative embodiment of 

the locator stud 120 of this invention and an alternative method of installing the 
locator stud 120. Because many of the features of the locator stud 120 and the 

10 installation tooling disclosed in Figures 8 and 9 are similar, but not identical to the 
locator stud 20 and installation tooling disclosed in Figures 2, 4 and 5, the elements of 
the locator stud 120 and the installation apparatus are numbered in the same sequence 
as the locator stud 20, the plunger 30 and die member 34, except that in this 
embodiment, the elements are numbered in the 100 series to reduce the required 

15 disclosure and this disclosure will focus on the differences between these 
embodiments. The locator stud 120 includes a shank portion 124 having a 
frustoconical end portion 126 and a flange portion 128. However, in this 
embodiment, the outer surface 146 of the flange portion is initially cylindrical, rather 
than concave as described above. The end surface 152 of the flange portion 128 of 

20 this embodiment is preferably concave, including a frustoconical outer surface 154 
having a major diameter at the outer rim 156 of the flange portion 128 as described 
above with reference to the locator stud 20. The annular bearing surface 158 in this 
embodiment is also concave or generally frustoconical as shown in Figure 8. 

[00034] As shown in Figures 8 and 9, the plunger 130 includes an axial 

25 bore 132 which receives the shank portion 124 of the locator stud 120 and the annular 

11 



docket #60,152-1012 

end face of the plunger includes a first inner annular bearing surface 162 adjacent the 
axial bore 132 and a second V-shaped projecting annular die surface 164 surrounding 
the first inner annular die surface 162. In this embodiment, however, the first inner 
annular die surface 162 is convex or generally frustoconical and generally the mirror 
5 image of the concave generally frustoconical bearing surface 158, as best shown in 
Figure 8. In this embodiment, the die member 134 includes an inner annular 
projecting die lip 166 which receives the frustoconical surface 154 including the outer 
rim 156 and an outer concentric V-shaped second annular die surface 168 which, as 
described above, is preferably coaxially aligned with the second V-shaped annular die 

10 surface 164 of the plunger 130 as shown in Figure 8. 

[00035] As described above, the first step in the method of installing the 

locator stud 120 is to form an opening 36 in the panel 22 which is preferably 
configured as shown in Figure 3. The shank portion 124 is then received in the axial 
bore 132 of the plunger and the plunger is driven toward the panel as shown by arrow 

15 170 in Figure 8. As the plunger 130 is driven toward the panel, the first inner annular 
die surface 162 is driven against the annular bearing surface 158, deforming the 
annular bearing surface 152 radially outwardly, and the annular die lip 166 is driven 
against the frustoconical end surface 154 of the flange portion 28, deforming the outer 
rim 156 radially outwardly, thereby forming a concave outer surface 146A of the 

20 flange portion 128 as shown in Figure 9. The panel 22 is simultaneously deformed by 
the opposed V-shaped die surfaces 164 of the plunger 130 and 168 of the die member 
138, deforming the panel adjacent the panel opening 36 radially inwardly into the 
concave outer surface 146A and forming a secure and rigid installation as shown in 
Figure 10. As shown in Figure 10, the panel 22 includes opposed V-shaped 

25 depressions 72 and 74 as described above. However, the bearing surface 158 has 
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been flared outwardly to a greater extent than the bearing surface 58 shown in Figure 
6 and the end surface 152 of the flange portion 128 includes an annular depression 
152A made by the inner annular die surface 166 of the die member 134 which further 
flares the outer rim 156, forming the concave surface 146 A providing a very secure 
and rigid installation without the requirement for an outer concave surface on the 
flange portion 128 prior to installation. Thus, the embodiment of the locator stud 120 
is less expensive to manufacture than the locator stud 20 described above, but 
provides a very secure and rigid installation. 

[00036] Figures 11 to 13 illustrate a third alternative embodiment of the 

locator stud 220 and method of installation of this invention which illustrates one 
preferred embodiment in applications where it is desirable or necessary to limit 
deformation of the second face 44 of the panel 22, yet provide a substantially flush 
installation of the locator stud which does not project beyond the second face of the 
panel 44. Because the locator stud 220 and the installation tooling include many of 
the same features or elements as the locator studs 20 and 120 described above, the 
locator stud 220 and the installation tooling shown in Figures 11 and 12 have been 
numbered in the same sequence in the 200 series to reduce the required description for 
a full understanding of this embodiment of the invention. 

[00037] The locator stud 230 includes a cylindrical shank portion 224 

having a frustoconical end surface 226 and a flange portion 228 which is integral and 
coaxially aligned with the shank portion 224 having a diameter greater than the shank 
portion 224. In this embodiment, the outer surface 246 of the flange portion 228 is 
generally cylindrical but includes a radial cylindrical rim portion 248 adjacent the 
planar end face 252. The annular bearing face 258 between the flange portion 228 
and the shank portion 224 is concave or generally frustoconical. Thus, the locator 
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stud 220 differs from the locator stud 120 described above in that the end face 252 is 
planar, rather than concave, and the flange portion 228 includes a radial cylindrical 
rim portion 248. 

[00038] The plunger 230 includes an axial bore 232 which receives the 

shank portion 224 of the locator stud 220 as described above, and the annular end of 
the plunger includes a first inner projecting die surface 258 adjacent the cylindrical 
bore 232 and a second annular V-shaped die surface 264 surrounding the first annular 
die surface 262. As described above with reference to Figure 8, the first annular die 
surface 262 is convex or generally frustoconical and a mirror image of the concave 
bearing surface 262 of the locator stud 220. It should be noted, however, that in this 
embodiment of the plunger 230, the second annular die surface 264 projects further 
from the annular end face of the plunger and has a steeper angle adjacent the axial 
opening 232. The die member 234 in this embodiment has a generally planar end face 
266 which is raised slightly above the annular end face 268 of the die member 234. 

[00039] As described above, the plunger is driven toward the panel 22 

as shown by arrow 270, driving the locator stud 220 to first engage the die surface 
266 and the first annular convex die surface 262 is then driven against the concave 
annular bearing surface 258, deforming the outer rim portion 260 radially outwardly 
as shown in Figure 12 and the second annular V-shaped die surface 264 is then driven 
into the panel, deforming the panel adjacent the panel opening 36 radially inwardly 
into the annular concave surface 246 formed in the outer surface of the flange portion 
228 and against the radial rim portion 248. The resultant locator stud and panel 
assembly illustrated in Figure 13 includes the locator stud 220 having a shank portion 
224 projecting from the panel 22 perpendicular to the plane of the panel, an end face 
252 which is slightly recessed below the plane of the second face 44 of the panel 
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forming a flush installation without deformation of the second face 44 of the panel. 
However, the first face 44 of the panel includes a deep V-shaped annular recess 72 
surrounding the locator stud 220 providing a rigid and secure assembly. 

[00040] Figure 14 illustrates a fourth alternative embodiment of the 

locator stud 320 of this invention and Figures 15 and 16 illustrate an alternative 
method of installation of the locator stud 320 and modified installation apparatus or 
tooling for this method of installation. As described further below, the locator stud 
320 is similar, but not identical, to the locator stud 220 described above for 
applications where it desirable or necessary to avoid deformation of the second face 
44 of the panel 22, but provides a fully flush installation and improved integrity of the 
locator stud and panel assembly, including improved push-off and pull-through 
strength. In this embodiment, the locator stud 320 best shown in Figure 14 includes a 
cylindrical shank portion 324 having a frustoconical end portion 326 and a flange 
portion 328 integral and coaxially aligned with the shank portion 324 having a 
diameter greater than the shank portion 324 as described above with relation to all of 
the embodiments of the locator stud of this invention. In this embodiment of the 
locator stud 320, the outer surface 346 of the flange portion 328 is concave including 
a radial rim portion 348 adjacent the end 352 of the flange portion, wherein the end 
352 is flat and perpendicular to the longitudinal axis of the shank portion 324 as 
described above with regard to the locator stud 220 shown in Figures 11 and 12. 
However, in this embodiment of the locator stud 320, the outer surface 350 is 
frustoconical having a minor diameter adjacent the radial rim portion 348 and a major 
diameter at the outer rim 360. Thus, the combination of the radial rim 348 and the 
frustoconical surface 350 is concave for receipt of the panel 22 described below with 
regard to Figures 15 and 16. Further, the radial surface 358 in this embodiment of the 
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locator stud 320 is perpendicular to the longitudinal axis of the shank portion 324 
rather than concave or frustoconical as described above with regard to the locator stud 
220. However, because many of the features or elements of the locator stud 320 are 
the same or similar to the locator studs previously described, particularly the locator 
5 stud 220, and the installation apparatus shown in Figures 15 and 16 are similar to the 
installation apparatus previously described, the locator stud 320, plunger 330 and die 
member 334 are numbered in the same sequence as previously described, but in the 
300 series to reduce the required description for a full understanding of this 
embodiment of the invention. 

10 [00041] As shown in Figure 15, the plunger 330 includes a first inner 

die surface 362 adjacent the axial opening 332 and a concentric annular V-shaped 
second projecting die surface 364. In this embodiment of the plunger 330, however, 
the inner annular die surface 362 is perpendicular to the longitudinal axis of the axial 
bore 332. The die member 334 may be identical to the die member 234, including a 

15 central die surface 366 which receives the end 352 of the flange portion 328 and an 
annular surface 368 which receives the panel 22. In this embodiment, the circular 
central die surface 366 is raised slightly above the annular surface 368 surrounding 
the central surface 366 to ensure a "flush mounting" of the flange portion relative to 
the second surface 44 of the panel 22 as described further below. 

20 [00042] As described above, the method of installing the locator stud 

320 of this invention first includes forming an opening 36 in the panel 22 which is 
preferably a configured opening as shown in Figure 3. The panel 22 is then received 
on the annular die surface 368 and preferably clamped to the lower die shoe (not 
shown). The plunger 330 is then driven toward the panel 22, first receiving the shank 

25 portion 324 in the axial bore or opening 332 as shown in Figure 15. In a conventional 
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installation apparatus, the locator stud 320 will be received in the axial bore 332 prior 
to installation and the plunger 330 then drives the locator stud 320 toward the die 
member 334 as will be understood by those skilled in this art. Figure 15 is therefore 
simplified for ease of understanding. 
5 [00043] Figure 16 illustrates the locator stud 320 and panel assembly 

formed by the method of this invention and the final orientation of the plunger 330 
relative to the locator stud 320, panel 22 and die member 334. As will be understood 
from Figure 16, the first inner annular die surface 362 of the plunger 330 is driven 
against the radial bearing surface 358 of the locator stud 320 deforming the flange 

10 portion radially outwardly, the second annular V-shaped die surface 364 is 
substantially simultaneously driven against the face 42 of the panel 22, 
simultaneously deforming the outer rim 360 of the flange portion 328 radially 
outwardly and the panel surrounding the panel opening 36 radially inwardly, driving 
the panel around the radial rim portion 348 and into the V-shaped concave outer 

15 surface of the flange portion 328 forming a very secure locator stud and panel 
assembly as shown in Figure 16. It should be noted that the flange portion 328 is 
substantially flush with the panel 22, wherein the radial surface 358 is spaced below 
the plane of the first panel surface 42 and the end of the stud 352 is actually spaced 
within the opposed second surface 44 of the panel. 

20 [00044] As will be understood by those skilled in this art, various 

modifications may be made to the embodiments of the locator stud 20, 120 and 220 of 
this invention, the method of attaching or installing the embodiments of the locator 
stud in a panel and the locator stud and panel assembly of this invention within the 
purview of the appended claims. For example, the shank portion 24, 124 and 224 

25 may be any suitable configuration depending upon the application. The outer surface 
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of the flange portion 28, 128 and 228 may also be any suitable configuration 
including polygonal and the concave end surface 52, 152 may be conical, rather than 
frustoconical or hemispherical, although a generally frustoconical surface is more 
easily formed. The locator studs may also include anti-rotation means or features 
5 preventing rotation of the locator stud in the panel where the application requires that 
the locator stud not rotate in the panel. As set forth above, the outer surface of the 
flange portion may be polygonal, thereby preventing rotation of the locator stud in the 
panel. Alternatively, in the embodiments of the locator stud 220 illustrated in Figures 
11 to 13 and 320 illustrated in Figures 14 to 16, the annular surface of the radial rim 

10 portion 248 or 348 surrounding the outer surface 246 of the locator stud 220 or the 
frustoconical surface 350 of the stud 320 may include a plurality of spaced projecting 
anti-rotation ribs (not shown) which are driven into the panel face 44 during 
installation, preventing rotation of the locator stud in the panel. The radial ribs, for 
example, may have a triangular cross-section sloping toward the outer surface 246 of 

15 the locator stud 230 or 346 of the locator stud 320 and an inclined flat or rectangular 
top face. The radial ribs are then driven into the surface 44 of the panel, preventing 
rotation of the locator stud relative to the panel. Finally, the shape of the annular end 
of the plunger 30, 130 and 230 and the die member or die button 34, 134 and 234 will 
depend upon the application and the configuration of the end surface of the locator 

20 stud. 



